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guish real breaths from artifact and noise before 
the monitor begins displaying carbon dioxide con- 
centration on the blip bar, however. The breath 
detection algorithm establishes a threshold for 
identifying carbon dioxide concentration peaks and 
troughs. The monitor maintains a history in a mem- 
ory buffer of the four most recent waveform am- 
plitude values, where waveform amplitude is de- 
fined as one-half the difference between the peak 
waveform value slog(v) M Ax (corresponding to an 
inspiration, i.e., negligible carbon dioxide concen- 
tration) and the trough waveform voltage value 
slog(v) M iN (corresponding to an exhalation). The 
initial value AMP| Nn - of each of the four stored 
waveform amplitudes is an arbitrary value greater 
than the system's characteristic noise. 

The monitor computes a threshold value T by 
averaging the four most recent waveform ampli- 
tudes. The next slog(v) MA x must exceed T, and the 
following slog(v) MlN must drop below T, in order for 
that section of the slog(v) signal waveform to be 
"detected" as a likely breath. 

After the monitor detects a waveform cycle that 
is likely to be a breath, the waveform must be 
qualified as a breath. The monitor's breath quali- 
fication algorithrrL,;has two steps. First, the monitor 
computes the waveform cycle period P, the in- 
spired waveform period P| N , and the expired 
waveform period P EX - The monitor rejects values of 
P, P| N and P E x that are too low or too high to be 
actual breaths, la-the preferred embodiment, P, P| N 
and P E x must correspond to an instrument operat- 
ing range of 3 breaths/min. to 100 breaths/mi n. 

For the second breath qualification criterion, 
the monitor looks to see if the inspired plateau 
digitized voltage value IP discussed above is great- 
er than an arbitrary minimum. If it is not, the 
monitor will increase the power of the light source 
(if it is not already at maximum power) in an effort 
to raise the level of the signal above the expected 
level of background noise. 

Once a breath is detected and qualified, the 
monitor begins mapping the calculated carbon 
dioxide concentration values onto the blip bar. 
Each blip bar segment represents a range of car- 
bon dioxide concentrations. Because some of the 
system's compenents are temperature sensitive, 
however, the mapping must be a function of the 
ambient temperature. In the preferred embodiment, 
the monitor uses nine different look-up tables— each 
corresponding to a different temperature subrange 
within the overall operating temperature range of 
the system (0-40 deg. C)— to relate the computed 
carbon dioxide concentration to the number of seg- 
ments illuminated. In this way, the relationship be- 
tween blip bar display and actual carbon dioxide 
concentration remains substantially constant at any 
temperature within the recommended operating 



range. The mapping continues for all subsequently 
computed carbon dioxide concentration values un- 
less and until the apnea alarm triggers. 

Also, after a breath is detected and qualified, 

5 the monitor stores one-half the difference between 
the current slog(v) MAX and slog(v) MtN values in 
memory in place of the oldest of the stored 
waveform amplitudes. The monitor will then com- 
pute a new value of T for use in the detection of 

w the next likely breath. This updating of the am- 
plitude and threshold values occurs after each 
qualified breath. Finally, qualification of a new 
breath resets the apnea alarm clock. 

Until a new breath is qualified, the stored 

15 waveform amplitude values (and the value of T) 
remain unchanged for the duration of a time-out 
period defined as twice the period P of the most 
recent qualified breath cycfe, as discussed below. 
After a period equal to 2*P has passed, the monitor 

20 replaces the oldest of the stored waveform am- 
plitudes with AMPimit and recomputes T. If no likely 
breaths are detected and qualified for a second 
period equal to 2*P, then the monitor replaces the 
next oldest stored waveform amplitude with 

25 AMP| N it and recomputes T. The process repeats 
until all four waveform amplitude memory slots 
store the value AMP| N | T , in which case the value of 
T is AMP| N it as well. r 

tf the monitor fails to qualify any breaths for the 

30 duration of an arbitrary apnea alarm .period, the 
monitor alarms (preferably both audibly and visu- 
ally) to indicate apnea, or the cessation of breath- 
ing by the patient, and the blip bar display enters a 
"breath search" mode in which the LED segments 

35 are lit in a moving pattern unlike that of a breath. In 
the preferred embodiment, the apnea alarm period 
is 20 seconds. An alarm condition resets the am- 
plitude and threshold parameters to their initial 
conditions. 

40 As will be understood by those familiar with the 

art, the present invention may be embodied in 
other specific forms without departing from the 
spirit or essential characteristics thereof. For exam- 
ple, the inner diameter of the patient port 13 of 

45 airway sensor 4 is preferably equal to the outer 
diameter of the patient's endotracheal tube. In ad- 
dition, changes in the length of the optical path 
could be signaled to the monitor using a coded 
resistor with the adapter in the manner disclosed in 

50 U.S. Patent No. 4,621,643. 

Claims 

1. An airway sensor for use in a system for 
55 measuring a constituent gas in the breaths of a 

patient, the airway sensor comprising: 

a sensor body defining a gas inlet, a gas 
outlet, and a gas passageway between the gas 
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inlet and the gas outlet; 

means in the sensor body for defining an 
optical path across the gas passageway, the 
optical path having a first end and a second 
end; 

a light source mounted in the sensor body 
at the first end of the optical path; 

means for attaching a photodetector to the 
sensor body at the second of the optical path 
and for removing the photodetector from the 
sensor body without removing the light source. 

2. The airway sensor of claim 1 in which the 
means for defining an optical path comprises a 
light source port and a detector port formed in 
the sensor body. 

3. The airway sensor of claim 2 further compris- 
ing optically transmissive membranes dispos- 
ed in the light source port and in the detector 
port. 

4. The airway sensor of claim 1, 2 or 3, compris- 
ing a pair of electrical contacts extending from 
the light source to the exterior of the sensor 
body for connection to a power source. 

5. The airway sensor of any one of claims 1 to 4 
in which the gas inlet comprises means for 
attaching to an endotracheal tube. 

6. A sensor system for measuring a constituent 
gas in the breaths of a patient, the system 
comprising: 

an airway sensor comprising 

a sensor body defining a gas inlet, a gas 
outlet, and a gas passageway between the gas 
inlet and the gas outlet, 

means in the sensor body for defining an 
optical path across the gas passageway, the 
optica! path having a first end and a second 
end, and 

a light source mounted in the sensor body 
at the first end of the optical path; and 
a detector module comprising 

electrical conductor means, 

a photodetector communicating with the 
electrical conductor means, 

electrical contact means communicating 
with the electrical conductor means, and 

means for attaching the detector module to 
the airway sensor to place the photodetector at 
the second end of the optical path and to 
provide electrical contact between the elec- 
trical contact means and the light source and 
for removing the detector module from the 
airway sensor without removing the light 
source. 
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7. The sensor system of claim 6 in which the 
means for defining an optical path comprises a 
light source port and a detector port from in 
the airway sensor body. 

8. The sensor system of claim 7 further compris- 
ing optic! ly transmissive membranes disposed 
in the light source port and in the detector 
port. 



9. The sensor system of claim 6, 7, or 8 in which 
the airway sensor further comprises a pair of 
electrical contacts extending from the light 
source to the exterior of the sensor body for 

75 connection to the electrical contact means of 

the detector module. 

10. The sensor system of any one of claims 6 to 9 
in which the gas inlet comprises means for 

20 attaching to an endotracheal tube. 

11. A respiratory carbon dioxide detection system 
comprising: an airway sensor comprising 

a sensor body defining a gas inlet, a gas 
25 outlet, and a gas passageway between the gas 

inlet and the gas outlet, 

means in the sensor body for defining an 
optical path across the gas passageway, the 
optical path having a first end and a second 
30 end, and 

a light source mounted in the sensor body 
at the first end of the optical path: 
a detector module comprising 

electrical conductor means, 
35 a photodetector communicating with the 

electrical conductor means, 

electrical contact means communicating 
with the electrical conductor means, and 

means for attaching the detector module to 
40 the airway sensor to place the photodetector at 

the second end of the optical path and to 
provide electrical contact between the elec- 
trical contact means and the light source and 
for removing the detector module from the 
45 airway sensor without removing the light 

source; and 

a monitor communicating with the detector 
module electrical conductor means, the moni- 
tor having means for computing the carbon 
so dioxide concentration of the gas in the optical 

path of the airway sensor and for semi-quan- 
titatively displaying the carbon dioxide con- 
centration. 

55 12. The system of claim 11 in which the display 
comprises a blip bar. 

13. The system of claim 12 in which the blip bar 
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